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ABSTRACT 

Scanning electron microscopic studies on the egg shell of eri silkworm, Philosamia ricini, revealed the 
differentiation into two zones, the micropylar and disc or flattened zone. The micropylar zone is surrounded by rosette like 
cells. The various shaped follicular cell imprints (FCI) are scattered throughout the disc zones. A large aeropyle present at 
the centre of FCI while each junction of three follicular cell imprints contains small aeropyle. Each FCI are surrounded by 
six aeropyles. The centrally placed large aeropyle is deep and contain three to four opening. Quantitative analysis of 
elements by using the Energy Dispersive Analysis of X-rays (EDAX) techniques confirmed presence of elements on the 
egg shell. Total ten elements like carbon, oxygen, calcium, sulphur, chlorine, potassium, sodium, magnesium, silicon and 
phosphorous were detected on the egg shell surface. Six elements are common on FCI and space between FCI, while four 
elements are limited to FCI only. The differences between presence of elements on FCI and in between were discussed. 
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INTRODUCTION 

The structure of insect egg shell are quite complex and consists of the vitelline envelop and chorion (Kumar et al., 
2002). The chorion is secreted by the follicle cells of vitellogenic oocytes and in many insects it is composed of two layers, 
the inner endochorion and outer exochorion. The chorion protects the oocyte from mechanical and environmental stresses 
and at the same time permits gas exchange and sperm penetration (Andrew and Tembhare, 1995, 1996; Belles et al., 1993; 
Regier and Kafatos, 1985). In some species, a layer is formed below the endochorion as an inner most layer of crystalline 
chorion (Margaritis, 1985). The scanning electron microscope has very greatly advanced the knowledge of the overall 
architecture of insect egg shells bringing with a better understanding of the respiratory process (Hinton, 1970). The 
morphology and architectural pattern of the chorion in different insects depends on the imprints of the follicular secretory 
cells on specialized regions such as micropyles, aeropyles and flat regions (Beament, 1948 and Regier et al., 1980). The 
outermost layer of endochorion is characterized by the presence of lamellae based on the hexiocoidal arrangement of stacks 
of fibrils. The exochorion consists of mucoproteins and polysaccharides, and this may form house channels to permit entry 
of sperms, aeropyles for gas exchange and lines of weakness to facilitate hatching (Hinton, 1969). The addition of an X-ray 
analyzer to the scanning microscope pursuits the measurements of the local concentration of the elements phosphorus and 
sulphur which help greatly in the characterization of structural components (Furneaux and Mackay, 1976). The elemental 
composition of some invertebrate eggs differs between species and populations and is correlated with habitat features 
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(Baur and Baur, 1998; Anger et al, 2002). In butterflies (Lepidoptera) the amount of nitrogen content required to build the 
eggs is largely fixed before adult eclosion, while nitrogen compound are essential for vitellogenesis (Rivero and Casas, 
1999; Shapiro & Ferkovich, 2002; Wall et al, 2002). Most of the nitrogen to be allocated to the eggs has to be obtained by 
the larval stages while the carbon derived elements come from both, the larval and adult diets (Boggs & Ross, 1993; 
O’Brien et al, 2004). 

Very little information is available about the elemental composition of insect eggs except initial work of Nickles 
et al, (1995), Scewczuk et al, (2010) and Sreedevi et al , (2014). 

Therefore, the present SEM and ED AX studies is carried out to know the egg shell ultra structure and elemental 
composition of egg chorion in eri silkworm, P. ricini. 

MATERIALS AND METHODS 

The eggs of eri silkworm, P. ricini were examined by scanning microscopy. The freshly laid eggs were washed 
thoroughly with distilled water and fixed in 10% formalin for a period of 12 h, dehydrated in various grades of alcohol, 
cleared in acetone, dried and fixed on the metallic stub precoated with carbon strip at different angles. Eggs fixed on stub 
were processed for platinum coating and scanned under the Jeol (JSM 63 80 A) Scanning Electron Microscope (SEM) and 
Energy Dispersive Analysis of X-rays (ED AX) at Visvesvaraya National Institute of Technology (VNIT), Nagpur, India. 

RESULTS 

The surface of the egg is differentiated into two zones, a) The micropylar zone and b) The disc or flattened zone 
(Figure. 1). 

The Micropylar Zone 

The micropylar region is a deeply concealed area forming a distinct micropylar pit of about 5 + 2 pm in diameter 
at the anterior pole of anterioposterior axis. There are 7-8 micropyles in the micropylar pit and are widely separated from 
each other. Each micropyle is about 0.8 to 1.2 pm in diameter. The micropylar area is surrounded by a group of radiating 
petaloid cells. The petaloid cells show narrow proximal margin towards the micropylar area whereas the distal margin is 
wider and rounded forming a sort of rosette around the micropylar pit. In the group of radiating petaloid cells primary 
micropylar cells are surrounded by secondary and tertiary layers. The petaloid cells of primary to quaternary layers change 
in size gradually and become hexagonal in shape (Figure. 2, 3). 

The Disc Zone 

The disc or flattened zone occupies major surface of the egg. The FCI are joined to each other with less 
intercellular space. The FCI are hexagonal, small as well as large in shape. The aeropyles are situated at the joints of FCI 
and widely separated from each other and do not form pair. The numbers of aeropyles are various ranging from 5 to 7. At 
the centre of each FCI a big aeropyle is present with four to five opening (Figure. 4, 5). 

Energy Dispersive Analysis of X-rays (ED AX) 

With the help of Energy Dispersive Analysis of X-rays (ED AX) techniques the quantitative analysis of elements 
present on the egg shell of Philo samia ricini was observed. Total ten elements were detected on the different zones of egg 
shell surface. 
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On the micropylar zone in the follicular cell impression (FCI) five elements are detected, viz . Carbon, Oxygen, 
Sulphur, Chlorine and Potassium and their mass percentage are 79.56%, 9.11%, 4.03%, 3.94% and 3.36% respectively 
(Figure. 6). 

The intercellular space of micropylar cells (FCI) contains Carbon 62.46%, Oxygen 22.40% and Sulphur 4.32% 
respectively (Table 1). 

On the disc zone eight elements are detected on the FCI and they are Carbon, Oxygen, Calcium, Potassium, 
Sodium, Magnesium, Silicon and Phosphorus (Figure 7), while only four elements i.e., Carbon Oxygen Sulphur and 
Chlorine was detected in between the aeropyles of inter cellular space of edge zone FCI. 

The disc zone of egg shell shows the presence of Carbon 36.39%, Oxygen 26.75%, Calcium 22.12%, Chlorine 
2.05% and Phosphorus 8.79%, on the FCI (Table 1), while Carbon, Oxygen, Calcium, Sulphur, Chlorine, Potassium and 
Sodium are detected from the area in between aeropyles of inter cellular disc zone FCI. 

DISCUSSIONS 

The surface ultrastructure of the egg chorion of P. ricini reveals differentiation of the entire egg surface into 
micropylar and disc zones. The edge margin is in-distinct and marginal follicular cell imprints (FCI) are distinct than the 
FCI of disc zone. Differentiation of the chorionic surface into four zones has also been reported in A. polyphemus and A. 
pernyi (Kafatos et al., 1977; Mazur et al., 1982), whereas in A. mylitta edge zone was prominent (Barsagade et al., 2009). 
However the area of these zones and the size of the aeropyles vary from species to species. The chorion thickness was 
about 50 pm and 60 pm thick in A. polyphemus and A. penyi , respectively (Margaritis, 1985). Thick chorion was also 
found in Samia ricini (Kumar et al., 2007). The thick chorionic egg shell of the silk moth is advantageous from 
environmental protection, predation and parasitization point of view. 

In P. ricini, the micropyles are present at the margin of the micropylar pit which is surrounded by a rosette of 
petaloid cells similar to that reported by Kumar et al., (2007) in Samia ricini , A. mylitta (Barsagade et al., 2009) and tasar 
silkworm and other species of Lepidoptera (Margaritis, 1985). 

All micropyles penetrate through the chorion and vitelline membrane by canals which radiate outwards from the 
micropylar opening and traverse the chorion at an angle of 45° (Margaritis, 1985, Kumar et al., 2007). In the present study 
it has been observed that the micropyles penetrate the egg shell chorion and vitelline membrane internally. The present 
observations confirmed the earlier studies. The aeropyles are present in the form of aeropylar crowns in the area of egg 
shell edge zone reported in Saturniid silkmoths, A. mylitta (Barsagade et al., 2009). The posterior surface of egg shell with 
or without shell imprints contain the aeropyles in a pit (sunken aeropyles) while FCI of micropylar zone contain aeropyle 
in egg of S. oblique (Kumar et al., 1999) and Spodoptera littoralis (Fehrenbach et al., 7987). In P. ricini the aeropyles are 
present on the FCI of micropylar zone. In P. ricini two types of aeropyles are present on the FCI. The large aeropyles 
situated at the centre of FCI with many opening and small aeropyles on junction of FCI. The presence of centrally placed 
aeropyles with an opening might be the species specific characters of P. ricini. In insect eggs aeropyles covered more than 
12% of the surface and correspond to the plastron surface of about 4 x 105 mm2/mg egg weight (Hinton, 1969). The 
presence of similar large chorion surface in P. ricini may correspond to the terrestrial plastron respiration. The aeropyles 
found at the three cells imprint junction in P. ricini are similar to that reported in A. polyphemus (Margaritis, 1985). 
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Energy Dispersive Analysis of X-rays (ED AX) has confirmed the presence of ten elements on the egg shell of 
Philosamia ricini. The detected elements are Carbon, Oxygen, Calcium, Sulphur, Chlorine, Potassium, Sodium, 
Magnesium, Silicon and Phosphorus. The 6 elements viz., Carbon, Oxygen, Calcium, Sulphur, Chlorine and Potassium are 
common on FCI and on the junction of FCI while, Sodium, Magnesium, Silicon and Phosphorus are limited on FCI. 
Earlier Oxygen, Carbon, Nitrogen, Phosphorus, Sodium, Sulphur, Magnesium, Calcium, Silicon, Chlorine and Potassium 
were detected in the eggshell on different location (Nickles et al. , 1995; Nickles et al., 2002). The elements like Carbon, 
Nitrogen, Oxygen, Magnesium, Phosphorus, Sulphur, Calcium and Zinc were reported in the eggs of honey bee, Apis 
mellifera (Abou-Shaara et al., 2013). The presence of magnesium, calcium and Phosphorus are associated to each other 
during biochemical processes (McDonald et al., 1971). According to Attech et al., (1982) sufficient level of Magnesium 
and Calcium together improves the egg shell strength. The presence of sufficient levels of Magnesium along with Calcium 
indicating good strength of egg shell of P. ricini. The carbon derived element come from both, the larval and adult diets 
(Boggs, 1997; O’Brien et al., 2004). Since the adults are non feeders in P. ricini the carbon derived element possibly came 
from larval diet. In majority of terrestrial insect eggs, different types of chorionic respiratory system evolved with 
meshwork in the chorion that holds a layer of gas and supply oxygen to egg (Hinton, 1969). The presence of Carbon and 
Oxygen levels in Scarabaidae egg chorion is related to the respiratory function of eggs (Sreedevi et al., 2014). In the 
present investigation it has been observed that the Carbon and Oxygen are present in sufficient level indicating eggshell is 
involved in respiratory function. 

CONCLUSIONS 

According to Sreedevi et al., (2014) differences and similarities in elemental composition and proportion are 
attributed to the egg properties and chorionic ultra structures. The present study revealed that the total ten elements are 
found on the different parts of eggshell in P. ricini might be playing important role during the formation of multilayered 
complex structure of chorion. 
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APPENDICES 




Figure 1: Scanning Electron Microscopy (SEM) Photomicrograph Showing the 
Surface Ultrastructure and Micropylar Pit (MP), at Anterior End 




Figure 2: SEM Photomicrograph Showing the Micropylar Pit 
(Arrow), Surrounded by Rosette Petaliod Cells (RPC) 
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Figure 3: SEM Photomicrograph of Micropylar Pit Showing Micropyles (Arrow) 




Figure 4: SEM Photomicrograph of Disc Zone Showing the Hexagonal FCI With 
Centrally Placed Big Aeropyles and Marginally Arranged Inter Cellular Small Six Aeropyles (Astric) 




Figure 5: SEM Photomicrograph of Centrally Placed Big Aeropyles Showing Many Opening (Arrow) 




Figure 6: EDAX Micropylar FCI Zone Intercellular Space Showing Presence of Elements 
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Figure 7: ED AX Disc Zone Intercellular Space Showing Presence of Element 



Table 1: EDAX of Egg Shell of P. Ricini Showing Various Elements 
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No 


Element 

Present 


Area of Egg Shell 
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Disc 

Zone 

FCI 

Aeropyle 


Mass % 
of 

Element 


Interspace 
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Mass % 
of 

Element 


1 


Carbon 


+ 


62.46 


+ 


65.55 


+ 


79.56 


+ 


48.20 


2 


Oxygen 


+ 


22.40 


+ 


30.39 


- 


- 
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31.44 


3 


Calcium 


- 


- 


- 


- 
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8.92 


- 


- 


4 


Sulphur 
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4.32 
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4.03 


- 
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2.75 


5 


Chlorine 
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1.32 
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- 
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3.94 


6 


Potassium 
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- 
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2.94 


- 


- 


7 


Sodium 
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1.23 


- 


- 


8 


Magnesium 
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- 


- 
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1.19 


- 


- 


9 


Silicon 


- 


- 


- 


- 


+ 


0.92 


- 


- 


10 


Phosphorus 


- 


- 


- 
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+ 


5.16 


- 
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